TITLE: METHOD FOR LUMINANCE COMPENSATION OF LIQUID CRYSTAL 
DISPLAY AND ITS DEVICE 
BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
5 The present invention relates to a method for luminance compensation of liquid 

crystal display and its device, particularly to a method and a device for luminance 
compensation, which can adjust the input signal intensity to obtain better image 
quality and suit for the image adjustment of various liquid crystal displays or similar 
displays. 

10 2. Description of the Prior Art 

Because the liquid crystal display has advantages such as low in electrical 
consumption, light, small and high in quality etc., it gradually substitutes for the 
cathode ray tube (CRT) to be the principal product in display industry and suits for 
digital televisions, notebook computers or computer monitors. But the liquid crystal 

15 display has the problems of overlong response time and afterimage due to the liquid 
crystal molecular properties such as viscosity, dielectricity and elasticity etc. The 
luminance of the liquid crystal display is not so bright as that of the CRT. 

If the input frame is the darker images such as night scene, then the luminance or 
the contrast of the display would be insufficient so that the viewer can't view the 

20 detail of the image. If the input frame is with high contrast, such as the picture 
photographed with the back to the light, then the gray levels of the brighter and the 
darker images are more so that the darker region in the frame is more darker, the 
brighter region in the frame is more brighter, and the two regions in the frame can't 
display the delicate gradations. There are buttons for luminance and contrast 

25 adjustment on the general displays. The viewer can adjust the luminance and the 
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contrast of the image by hand to make images more clear and colors more plentiful, 
but the adjustment by hand is very troublesome for viewing dynamic images. Because 
the frame switch of dynamic images is quick and diversified, it is difficult for single 
luminance and contrast proportion to suit for various images. Therefore, it is needed 
5 to enhance the image contrast and make the gradations of the frame clear by the 
adjustment of the inner parts of the display. 

Referring to Fig.l, it shows a method of gamma adjustment for enhancing 
images in a prior art. The control device for gray level luminance is installed on the 
voltage driver of the liquid crystal display. When system judges that the luminance or 
10 the contrast of an image is insufficient, the original gamma curve will be risen to be 
the adjusted gamma curve, i.e. the gamma voltage is increased and the luminance of 
the display is enhanced, so the contrast and the luminance of the image are improved. 
However, the technology in the prior art has the following disadvantages: 

1 . A control device is required to control the voltage in the display, so the power 
1 5 consumption is high. 

2. Each display has its characteristic, and the control device can't be adjusted for 
different panels due to its single function, so the ability to control the image is 
insufficient. 

Therefore, the present invention provides a novel method for luminance 
20 compensation and its device to improve the disadvantages stated above. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide a novel method for 
luminance compensation in image signal processing, which has considered the 
25 characteristic of the panel of the liquid crystal display to improve the image quality of 
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the display. 

The secondary object of the present invention is to provide a novel method for 
luminance compensation, which can quickly obtain adjusted gray levels for 
expressing the suitable luminance by the simple corresponding of the lookup table. 
5 Another object of the present invention is to provide a novel device for 

luminance compensation, which can quickly output the adjusted gray levels for 
improving the image quality of the display by use of the method for luminance 
compensation stated above and can suit for the panels of various liquid crystal 
displays. 

10 To achieve the objects stated above, the method of the present invention includes 

the following steps: 

(1) measuring the original gamma curve of a panel; 

(2) setting a target gamma curve; 

(3) inputting an initial gray level to obtain the luminance corresponding to the target 
15 gamma curve, and finding the adjusted gray levels for expressing the luminance 

from the original gamma curve; 

(4) repeating (2) and (3) steps to produce plural groups of initial gray levels and plural 
groups of adjusted gray levels, and set the plural groups of adjusted gray levels 
into a proportion array; 

20 (5) repeating (2),(3), and (4) steps to produce plural groups of proportion arrays from 
the different target curves and make them into a lookup table; 

(6) calculating the quantity distribution of the input gray levels of an image; 

(7) calculating the dark level proportion and the bright level proportion respectively; 

(8) selecting a corresponding proportion array from the lookup table of the dark levels 
25 according to the value of the dark level proportion, and substituting the adjusted 
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gray levels in the proportion array for the input gray levels; 
(9) selecting a corresponding proportion array from the lookup table of the bright 
levels according to the value of the bright level proportion, and substituting the 
adjusted gray levels in the proportion array for the input gray levels; and 
5 (10) outputting the adjusted gray levels for adjusting the signal intensity to improve 
the image quality. 

A device executing the above method according to the present invention includes: 
A histogram extraction for receiving image signals and counting the quantity 
distribution of each input gray level to obtain the distribution state of the gray 
10 level; 

A lookup table storage unit for storing the lookup table; and 
A gray level operation unit for calculating the gray level proportion, taking the 
gray level proportion into the transfer function to get LUT intensity which 
corresponds to the proportion array in the lookup table, substituting the 
15 adjusted gray levels in the proportion array for the input gray levels, and 

outputting the adjusted gray levels; 
whereby the intensity of the input signals is able to be adjusted and better image 
quality is able to be obtained. 

The present invention will be apparent after reading the detailed description of 
20 the preferred embodiments thereof in reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a schematic view of a prior method for gamma adjustment, which increases 
the gamma voltage to enhance image; 
25 Fig.2 is a schematic view of the gray level distribution of an image; 
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Fig. 3 is a schematic view of the original gamma curve and the target gamma curve of 
the method for luminance compensation of liquid crystal display and its device 
according to the present invention; 

Fig.4 is a schematic view of the lookup table of the method for luminance 
5 compensation of liquid crystal display and its device according to the present 

invention; 

Fig. 5 is a schematic view of the input and the output of the gray levels of the method 
for luminance compensation of liquid crystal display and its device according to 
the present invention; 

10 Fig.6 is a flowchart of the image processing of the method for luminance 
compensation of liquid crystal display and its device according to the present 
invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
15 Referring to Fig.2, each image frame has 1024 gray levels for the liquid crystal 

display of 10 bits. A gray level distribution diagram can be obtained by counting the 
quantity of each gray level in the image frame, wherein the range from below a 
specific value in the total gray level range is set as the dark level interval 21, and the 
range from above a specific value in the total gray level range is set as the bright level 
20 interval 22. In the preferred embodiment of the present invention, the range of the 
dark level interval is the front quarter of the total gray level range, i.e. the gray levels 
from 0 to 256, and the range of the bright level interval is the rear quarter of the total 
gray level range, i.e. the gray levels from 768 to 1024. The dark level proportion is 
defined as the ratio of the gray level quantity 23 in dark level interval 21 to the total 
25 gray level quantity and the bright level proportion is defined as the ratio of the gray 
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level quantity 24 in bright level interval 22 to the total gray level quantity. 

Referring to Fig.3, it shows a preferred embodiment for describing how to make a 
lookup table to which the luminance of the panel of the liquid crystal display is 
increased accordingly. The method includes the following steps: 
5 (1) measuring the panel of the liquid crystal display to get an original gamma curve 

10; 

(2) setting a target gamma curve 1 1 ; 

(3) inputting an initial gray level X x (mark 12) to obtain the luminance Yi (mark 13) 
corresponding to the target gamma curve 11, and finding the adjusted gray level 

10 X 2 (mark 14) for expressing the luminance from the original gamma curve 10; 

(4) repeating (2) and (3) steps to produce plural groups of initial gray levels Xj and 
plural groups of adjusted gray levels, and combining the plural groups of adjusted 
gray levels into a proportion array; and 

(5) repeating (2),(3), and (4) steps to produce plural groups of proportion arrays from 
1 5 different target curves and make them into a lookup table. 

As shown in Fig4, as for the resolution of the display of 10 bits, the dark level 
lookup table 41 and the bright level lookup table 42 are respectively made according 
to the dark level interval and bright level interval, wherein the dark level lookup table 
41 selects eight groups of initial gray levels 43 and a proportion array set 44 

20 containing six groups of proportion arrays, and the bright level lookup table 42 selects 
eight groups of initial gray levels 43' and a proportion array set 44' containing seven 
groups of proportion arrays. The proportion array sets 44 and 44' contain the adjusted 
gray levels 46 and 46' corresponding to the initial gray levels 43 and 43', respectively. 
After the image data are inputted, the quantity distribution of the input gray 

25 levels of the image are calculated to obtain the gray level distribution diagram as 
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shown in Fig.2, and the dark level proportion and the bright level proportion are 
calculated, respectively. A corresponding proportion array is selected from the 
proportion array set 44 in dark level lookup table 41 according to the value of the dark 
level proportion. The higher the dark level proportion, the stronger the proportion 
5 array, as shown by mark 45, which is selected from the proportion array set 44 in the 
dark level lookup table 41. The corresponding method between the dark level 
proportion and the proportion array of the dark level lookup table 41 includes: taking 
the dark level proportion into a dark level transfer function to get a dark level LUT 
intensity, i.e. dark level LUT intensity=F, (dark level proportion), wherein the dark 
1 0 level transfer function is an increasing function, i.e. the higher the dark proportion, the 
larger the dark level LUT intensity, making the dark level LUT intensity correspond to 
the stronger proportion array in proportion array set 44 and substituting the adjusted 
gray level 46 of the proportion array for the input gray level. 

In a similar manner, a corresponding proportion array is selected from the 
15 proportion array set 44' of the bright level lookup table according to the value of the 
bright level proportion. The higher the bright level proportion, the stronger the 
proportion array, as shown by mark 45', which is selected from the proportion array 
set 44' of the bright level lookup table 42. The corresponding method between bright 
level proportion and the proportion array of the bright level lookup table 42 includes: 
20 taking the bright level proportion into a bright level transfer function to get a bright 
level LUT intensity, i.e. bright LUT intensity=F 2 (bright level proportion), wherein the 
bright level transfer function is an increasing function, i.e. the higher the bright level 
proportion, the larger the bright level LUT intensity, making the bright level LUT 
intensity correspond to the stronger proportion array in the proportion array set 44', 
25 substituting the adjusted gray level 46' of the proportion array for the input gray level, 
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and last outputting the adjusted gray levels for adjusting the signal intensity to 
improve the image quality. 

Supposing that the dark level proportion of an image frame corresponds to the 
proportion array 47 of the dark level lookup table 41, and both the proportion array 
5 47' of the bright level lookup table 42 and the gray levels between the adjusted gray 
levels can be obtained by interpolation, then the input and the output of the gray levels 
are that shown as a schematic view in Fig.5, wherein the input-output curves of the 
adjusted dark level interval and the bright level interval are that shown by mark 51 
and 52, respectively, the input-output curve 51 of the dark level interval is higher than 

10 the line 53, the critical points 54, 55 of the curves 51, 52 are connected by the line 56, 
the curves 51, 52 and the line 56 form a new adjusted relation between the input and 
the output of the image signal. Therefore, if the dark level lookup table has P groups 
of dark level proportion arrays and the bright level lookup table has Q groups of 
bright level proportion arrays, then there are Px Q combinative ways of proportion 

15 arrays, i.e. there are Px Q input-output curves for adjustment, so there are the 
advantages of numerous selections and elastic application. Moreover, the order of the 
lookup table can be set according to the demand of the resolution of the display. If the 
input gray level is 10 bits and the display value in proportion array is set as 12 bits, 
then the output gray level is 12 bits. Therefore, as long as the order of the lookup table 

20 is changed, the present invention can be applied to different displays and has the 
utilization value in industry. 

Referring to Fig.6, a device executing the above method according to the present 
invention includes: 

A histogram extraction 61 for receiving image signals and counting the quantity 
25 distribution of each input gray level to obtain the distribution state of the gray level; 
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A lookup table storage unit 62 for storing the lookup table; and 

A gray level operation unit for calculating the gray level proportion, taking the gray 
level proportion into the transfer function to get LUT intensity which corresponds 
to the proportion array in the lookup table, substituting the adjusted gray levels in 
5 the proportion array for the input gray levels, and outputting the adjusted gray 
levels; whereby the input signals are adjusted and better image quality is obtained. 
Therefore, the present invention has the following advantages: 

1. The disadvantages of the conventional liquid crystal display, such as insufficient 
luminance and contrast, can be improved and the image being enhanced has more 

10 clear contrast and more plentiful color. 

2. The method of the present invention can apply to more than single panel. The 
particular lookup tables for different panels can be made from the different gamma 
curves measured from the different panels. The image adjusted according to the 
particular lookup table is more able to display the gradations of colors. 

15 3. It is simple and quick that the gray levels are obtained from the lookup table by 
corresponding method or interpolation method, so the time for modifying the image 
signals can be much shortened and the image can be modified and can get the 
desired luminance more quickly. 

4. The quantity of the proportion arrays in lookup table can be set according to the 
20 demand. The more the quantity of the group, the more the adjusted gray levels for 

selection. Therefore, there are the advantages of numerous selections and flexible 
applications. 

5. The order of the lookup table can be set according to the demand of the resolution 
of the display, so the present invention can suit for the displays with various gray 

25 level order and has widespread applications. 
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The foregoing description of the preferred embodiments of this invention has 
been presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed, and obviously, many 
modifications and variations are possible. Such modifications and variations that may 
5 be apparent to a person skilled in the art are intended to be included within the scope 
of this invention as defined by the accompanying claims. 
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